1. Introduction {#s0005}
===============

Slaughterhouse waste water can cause serious pollution of the surrounding water environment if it is discharged directly and without disposal. The health of humans, livestock and poultry, and other aquatic organisms can be seriously endangered because of the large number of virulence factors and microorganisms in the waste water that are harmful to human health. If slaughter wastewater is drained into the surrounding water, the dissolved oxygen in the water will be rapidly depleted, causing the fish and aquatic organisms to die of lack of oxygen, because the outward slaughtering wastewater containing harmful substances are mostly easy biodegradable organic matter. At the same time, pathogenic microorganisms will also be produced in large quantities with the waste water discharged into the water, which seriously endangers the health of human beings. Therefore, it is necessary to deal with the wastewater from slaughtering meat processing, remove the pollution caused by waste water and completely eliminate the harm of water environment, so as to protect the ecological environment and human health ([@b0065], [@b0030], [@b0035], [@b0160]).

Among the various methods proposed for the removal of these compounds, those based on microbial activities are of greater priority ([@b0115]). Microbial treatment method is a low cost, no environmental pollution and thorough purification method compared with chemical treatment and physical treatment method in the treatment of slaughterhouse wastewater, will be a main method to solve the slaughterhouse wastewater pollution in the future ([@b0175], [@b0140], [@b0070], [@b0080]). The most important is that to have excellent ability of degrading bacteria in microbial treatment method in the process of implementation, using microorganism to degrade organic pollutants in slaughter wastewater is the better method ([@b0045], [@b0120], [@b0165], [@b0130], [@b0020]).

Up to now, a large number of bacterial strains capable of degrading COD have been isolated ([@b0035], [@b0160]). Most reports have shown that COD-degrading bacteria isolated from different contaminated sites are belonging to various bacterial species, such as *ammonia bacteria, nitrifying bacteria and denitrifying bacteria* ([@b9000], [@b0125]). Overall, slaughter wastewater contains a large amount of nitrogen-containing organic matter such as blood, animal internal organs and hair, and is easy to breed a large number of harmful organisms. Rapid and efficient degradation of slaughter wastewater is of great significance for environmental protection.

In this study, six high COD degrading bacteria were isolated from slaughter wastewater and identified preliminarily and investigated their ability to remove COD from water. Then, one of them with highest ability to remove COD from water was chosen, which of their physiological and biochemical characteristics were preliminarily studied in this paper.

2. Materials and methods {#s0010}
========================

2.1. Isolation source {#s0015}
---------------------

The slaughter wastewater and sludge contaminated with COD strain were the source for bacterial isolation. Samples were collected into 1000 ml sterilized glass bottles from eight sites in a Hunan meat product Co., Ltd on June 2016, and immediately carried to the laboratory and stored in a refrigerator prior at 4 °C to use.

2.2. Enrichment culture of strain {#s0020}
---------------------------------

The slaughterhouse wastewater and sludge mixed samples were taken for 10 ml and filtered with gauze respectively. The samples were diluted and diluted to 10^−1^, 10^−2^, 10^−3^, 10^−4^, 10^−5^, 10^−6^, 10^−7^ respectively. In the sterile operating table, samples with different dilution concentrations were evenly coated in LB solid medium for 200 μL, and cultured in 32 °C incubator for 5--7 d ([@b0135], [@b0095]).

2.3. Isolation and purification of strains {#s0025}
------------------------------------------

The colonies were randomly picked enrichment lines separation, then were isolated single colonies obtained further separated to obtain single colonies of pure purification line, then pick a single colony is connected to the LB liquid medium, then add 4 °C refrigerator spare ([@b0135], [@b0095], [@b0040]).

2.4. Determination of degradation ability of strain COD {#s0030}
-------------------------------------------------------

Ammonium sulfate was added to LB culture medium, and the concentration of ammonium sulfate in culture medium was 0.3 g/100 ml under aseptic condition and was used to replace slaughterhouse wastewater, because it was closer to the content of reducing substance in real slaughter wastewater. The 10 ml medium with purified strains were isolated from the slaughter waste water were inoculated in 90 ml LB medium, shaker culture at 32 °C, at regular intervals sampling and determination of COD in the medium by potassium permanganate method to calculate the degradation rate and draw the degradation curve ([@b0185]).

2.5. Molecular biological identification of high COD degrading bacteria {#s0035}
-----------------------------------------------------------------------

The bacteria with the highest degradation rate of COD were observed by colony morpHology and Gram staining. Preliminary identification of the strains was conducted according to Bergey\'s Manual of Systema Bacteriology ([@b0135], [@b0050]). Genetic identification of the isolated bacteria was done using 16S rDNA. Bacterial DNA was extracted using Ezup Column Bacteria Genomic DNA Purification Kit (Sangon Biotech, China), and bacterial 16S rDNA was amplified with universal primers 27F (5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-TACGGCTACCTTGTTACGACTT-3′), which had been used by other researchers for similar purposes ([@b0105]). PCR was performed using 1 μL of pooled DNA as a template using primers 27F and 1492R and 25 μL Prime mastermix and 20 μL sterile water in a 100 μL reaction. The PCR program began with 4 min at 94 °C followed by 32 cycles of 30 s at 94 °C, 30 s at 60 °C, and 2 min at 72 °C, with a final elongation of 10 min at 72 °C. Phylogenetic analysis of clone sequences was conducted in MEGA version 5 ([@b0150]).

2.6. Physiological and biochemical characteristics of COD degrading bacteria {#s0040}
----------------------------------------------------------------------------

According to the test results of isolated strains of COD degrading ability, evaluation index for OD strains in different culture time. The growth temperature of the highest degradation rate of COD strain, the growth of pH, peptone and yeast extract concentration characteristics were studied to determine the optimum growth conditions ([@b0180], [@b0085], [@b0155]).

### 2.6.1. Initial temperature test {#s0045}

The effect of different temperature on bacterial growth was determined by incubation of bacterial cells with 100 ml base culture in 250 ml conical flask with different initial temperature values (32 °C, 35 °C, 37 °C and 40 °C), 120 rpm and 7.0 pH. The growth was monitored by determinations of OD~600~ from 2 to 24 h as blank with basic medium.

### 2.6.2. Initial pH test {#s0050}

The effect of different temperature on bacterial growth was determined by incubation of bacterial cells with 100 ml base culture in 250 ml conical flask with different initial pH values (5.0, 6.0, 7.0 and 8.0) at 37 °C, 120 rpm. The growth was monitored by determinations of OD~600~ from 2 to 24 h as blank with basic medium.

### 2.6.3. Initial peptone concentration test {#s0055}

Peptone is the main nitrogen source and carbon source for microbial growth. The effect of different temperature on bacterial growth was determined by incubation of bacterial cells with 100 ml base culture in 250 ml conical flask with different initial peptone concentration (1.0%, 1.2%, 1.5%, 1.8% and 2.0%) at 37 °C, 120 rpm and 7.0 pH. The growth was monitored by determinations of OD~600~ from 2 to 24 h as blank with basic medium.

### 2.6.4. Initial yeast extracts concentration test {#s0060}

Yeast extract is also a major source of nitrogen and carbon for the growth of microorganisms. The effect of different temperature on bacterial growth was determined by incubation of bacterial cells with 100 ml base culture in 250 ml conical flask with different initial yeast extracts concentration (0.5%, 0.8%, 1.0% and 1.2%) at 37 °C, 120 rpm and 7.0 pH. The growth was monitored by determinations of OD~600~ from 2 to 24 h as blank with basic medium.

3. Results and analysis {#s0065}
=======================

3.1. Isolation and purification of strains {#s0070}
------------------------------------------

Six pure strains were isolated and purified from the enrichment culture plate, and the line culture was shown in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1Purified the isolated strain.

3.2. Test results of degradation rate of strain COD {#s0075}
---------------------------------------------------

The COD degrading bacteria purification rate of six pure strains were detected by Potassium Permanganate method, and the results were shown in [Fig. 2](#f0010){ref-type="fig"}. Six strains of COD bacteria have different degradation ability, of which No. 1 degradation ability is relatively weak, the degradation ability of 5 strains of 11.79% is the strongest. Therefore, the strains of number 5 were preliminarily identified, and their physiological characteristics were further studied.Fig. 2Degradation rate of the six strains.

3.3. Molecular identification {#s0080}
-----------------------------

The 16S rDNA gene was amplified via PCR using a universal bacterial primer set, which was obtained from the isolates. On the basis of the observation of the morphology, Gram staining, the determination of biochemistry as well as the sequent analyse of 16S rDNA, the No. 5 bacteria was identified as *Bacillus velezensis* strain ([@b0025]). The Gram staining and phylogenetic tree of No. 5 bacteria showed in [Fig. 3](#f0015){ref-type="fig"} and [Fig. 4](#f0020){ref-type="fig"}.Fig. 3Gram staining of NO.5 strain.Fig. 4Neighbor-joining pHylogenetic tree constructed from 16S rDNA gene sequence.

3.4. Biological characteristics of high COD degrading bacteria {#s0085}
--------------------------------------------------------------

### 3.4.1. Optimum growth temperature {#s0090}

Temperature, as one of the important factors, affects the growth and reproduction of microorganisms, determine the high COD degradation bacteria optimum growth temperature can provide the basis for better using the strain. The growth curve of *Bacillus velezensis* strain is shown in [Fig. 5](#f0025){ref-type="fig"} at different culture temperatures, the biomass has obvious lag period at 5 h, entered the logarithmic growth phase, and then into the slowly stable after 8 h. It was found that when the temperature was 32 °C, 35 °C, 37 °C and 40 °C, the growth curve of *Bacillus velezensis* strain were similar. However the biomass was the highest at 37 °C, 37 °C was chosen as the optimum fermentation temperature.Fig. 5Growth curves of *Bacillus velezensis* strain at different temperatures.

### 3.4.2. Strain optimum growth pH {#s0095}

As can be seen from [Fig. 6](#f0030){ref-type="fig"}, the growth of *Bacillus velezensis* strain was inhibited at pH 5 and 8 after 6 h, while was increased at pH 6 and 7. And it was very slow due to the inhibition of the environment after 8 h at pH 6 and 7. It was found that the growth curve of *Bacillus velezensis* strain were similar at pH 6 and pH 7 However the biomass was the highest at pH 7, pH 7 was chosen as the optimum fermentation pH.Fig. 6Growth curves of *Bacillus velezensis* strain at different pH.

### 3.4.3. Effect of peptone concentration on the growth of the strain {#s0100}

Peptone is the main nitrogen source and carbon source for microbial growth. The effect of peptone with different concentration in culture medium on the growth of *Bacillus velezensis* strain was studied in this paper. The results are shown in [Fig. 7](#f0035){ref-type="fig"}, it can be seen that the growth curve of strain had no significant effect in a certain concentration range of peptone, but the biomass of *Bacillus velezensis* strain is relatively high at the 1.5% peptone. Therefore, 1.5% peptone was chosen as the optimum fermentation peptone concentration.Fig. 7Growth curves of NO.3 strain at different concentration of peptone.

### 3.4.4. Effect of yeast extracts concentration on the growth of the strain {#s0105}

Yeast extract is also a major source of nitrogen and carbon for the growth of microorganisms. The effect of yeast extract at different concentrations on the growth of *Bacillus velezensis* strain was shown in [Fig. 8](#f0040){ref-type="fig"}. The growth curve of *Bacillus velezensis* strain was affected by the concentration of yeast extract is not obvious, but the biomass of *Bacillus velezensis* strain was higher than in other group in 0.8% concentration, so the culture concentration of yeast extract in the medium can choose 0.8% was chosen as the optimum fermentation yeast extracts concentration.Fig. 8Growth curves of *Bacillus velezensis* strain at different concentration of yeast extract.

4. Discussions {#s0110}
==============

Slaughter wastewater contains a large amount of nitrogen-containing organic matter such as blood, animal internal organs and hair, and is easy to breed a large number of harmful organisms. COD is an important factor to measure the total amount of organic matter in water. Rapid and efficient degradation of slaughter wastewater is of great significance for environmental protection. A large number of bacterial strains capable of degrading COD have been isolated ([@b0035], [@b0160], [@b9000], [@b0125]). Most reports have shown that COD-degrading bacteria isolated from different contaminated sites are belonging to various bacterial species, such as ammonia bacteria, nitrifying bacteria and denitrifying bacteria.

It is reported that Bacillus has the function of purifying water. In this study, the Bacillus velezensis was identified for the colony morphology and the molecular characteristics by the enrichment and separation from slaughter wastewater in a Hunan meat product Co., Ltd. which was effectively degraded COD. Moreover, *Bacillus velezensis* was first found by Spanish scholars in Magaraga in southern Spain, identifying by constructing phylogenetic tree of 16S rDNA gene sequence analysis ([@b0100]). Some scientific researchers were shown that *Bacillus velezensis* can produce a variety of digestive enzymes such as amylase, protease, gelatinase, glucanase, and cellulase, and degradate strong organic matter decomposition. Moreover, *Bacillus velezensis* can inhibit the growth and reproduction of harmful microorganisms, and can decompose organic substances, organic sulfides, and organic nitrogen ([@b0165], [@b0100], [@b0110], [@b0115]).

The growth of the *Bacillus velezensis* was studied in terms of the effects of temperature, pH, peptone and yeast extract concentration characteristics, and as a result, Different conditions had great effects on the COD removal rate of *Bacillus velezensis*. The effects of temperature, pH, and the growth of pH, peptone and yeast extract concentration were studied to determine the optimum growth conditions ([@b0180], [@b0085], [@b0155], [@b0100], [@b0110]). Which were selected to do single factor test for further study of the optimum conditions for biomass, which was an ability to degrade COD because of production-associated strain.

COD degradation is limited by various conditions in slaughter wastewater and sludge ([@b0135], [@b0105], [@b0150]), which propose that they may have been evolved through adaptation and selective pressure of natural ecosystems, which has resulted in selection of more potentiated organisms in biodegradation. The combination of COD degrading bacteria can degrade a variety of organic species mixture greatly improve the removal rate of COD, due to the presence of strains capable of decomposition and degradation of surfactants, hydrocarbons, phenols, fatty acids, ketones and other easily decomposed organic matter ([@b0115], [@b0145], [@b0005], [@b0055], [@b0075], [@b0170], [@b0060]). Moreover, Microbial immobilization technology was occure, this technology was beneficial to increase the number of microorganisms in the reactor, facilitate the solid-liquid separation after the reaction, facilitate nitrogen removal, remove high-concentration organic matter or difficult to biodegrade substances, improve system processing capacity and adaptability, and so on. As a result, they have received increasing attention in research on immobilized microorganism for wastewater treatment ([@b0015], [@b0090], [@b0010]). A high efficiency and stability biological carrier-immobilized Bacillus velezensis strain system was constructed to remove the chemical oxygen demand (COD) based on simultaneous adsorption and biodegradation (SAB) for the treatment of slaughter wastewater in the further research, the development and utilization of the genetic resources of *Bacillus velezensis* should be further studied.

5. Conclusions {#s0115}
==============

In conclusion, this work provides relevant information about the efficiency of 6 COD strains by separating from slaughtering waste water. The results showed that the highest COD degradation rate was No. 5 strain, reaching 11.79%. And molecular Biological identification, colony morphology and Gram staining showed as *Bacillus velezensis* strain. The suitable conditions of the growth of *Bacillus velezensis* strain were 37 °C, pH 7.0, the peptone concentration 1.5%, and the yeast extract concentration 0.8%.
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